A rearrangement between the symbiotic plasmid (pRleVF39d) and a nonsymbiotic plasmid (pRleVF39b) in Rhizobium leguminosarum bv. viciae VF39 was observed. The rearranged derivative showed the same plasmid profile as its parent strain, but hybridization to nod, fix, and nif genes indicated that most of the symbiotic genes were now present on a plasmid corresponding in size to pRleVF39b instead of pRleVF39d. On the other hand, some DNA fragments originating from pRleVF39b now hybridized to the plasmid band at the position of pRleVF39d. These results suggest that a reciprocal but unequal DNA exchange between the two plasmids had occurred.
Rhizobium leguminosarum bv. viciae is a native soil bacterium that can enter nitrogen-fixing symbioses (root nodules) with several legumes such as Pisum, Vicia, and Lens spp. It generally contains 1 to 10 plasmids which vary in size from 30 kb to more than 800 kb (11, 12, 14) . Most of the genes required for nodule formation (nod) and nitrogen fixation (nif and fix) are carried on a plasmid that is traditionally called the symbiotic plasmid or pSym (6, 11) .
Plasmids are important genetic components for the divergence and adaptation of microbial populations because they contribute to genomic plasticity. Although plasmid profiles in rhizobia can be considered as a comparatively stable character, strains can lose some of their traits due to loss or partial deletion of a plasmid (3, 27) . Recombination and rearrangement events between plasmids is also frequently observed. For example, for R. leguminosarum bv. viciae it was found that a transmissible plasmid could pick up symbiotic determinants from the nontransmissible pSym (1), and pSym rearrangements have been described and studied in detail in R. etli and R. tropici (2, 4, 21, 22) . One of these rearrangements is a deletion of the symbiotic gene region, accompanied by a concomitant amplification of other sequences, so that the overall size of the plasmid is not significantly changed (21) .
In this study, we present direct evidence of a DNA rearrangement between two indigenous plasmids of R. leguminosarum bv. viciae VF39SM, a model strain that is routinely used in our laboratory (Table 1) . It contains six plasmids, ranging in size from 130 kb to approximately 600 kb (9) . They were designated as pRleVF39a to pRleVF39f in order of increasing molecular size. The symbiotic plasmid pRleVF39d carries the nod, nif, and most of the fix genes (9, 10). Some fix genes, such as fixKL and a second copy of the fixNOQP operon, reside on plasmid pRleVF39c, which also carries genes involved in lipopolysaccharide synthesis (10, 15, 24) . Little is known about pRleVF39b except that it carries a restriction-modification system (20) and that it is self-transmissible (9) .
Hybridization analyses reveal a pSym rearrangement. The rearrangement described here was found when single colonies of the original VF39SM stock culture, stored in 20% glycerol at Ϫ20°C since 1993, were checked by plasmid profiling using a modified Eckhardt procedure (8, 16) and subsequent Southern hybridization analysis with nodABC genes as a probe. The digoxigenin-labeled probe was prepared via PCR by using primers pnodA (5Ј-AGT GCG ATG GAA AAT ATG CTG-3Ј) and pnodC (5Ј-GGA AGC GCA AGC AAA GTA TC-3Ј), which correspond to positions 4521 to 4541 and positions 2376 to 2395, respectively, in the pRl1JI nodABC sequence (accession number X99520). Although all isolates showed the plasmid pattern characteristic for VF39SM (Fig. 1A) , 1 out of 100 colonies was identified in which hybridization to nodABC occurred to a plasmid corresponding in size to pRleVF39b (240 kb), whereas in all the others the hybridization was as expected to pRleVF39d (pSym, 330 kb) (Fig. 1B) . This result suggested the event of a DNA rearrangement in this isolate. Therefore, it was renamed VF39SMЈ (Table 1) , and its plasmids were accordingly renamed pRleVF39aЈ to pRleVF39fЈ.
To estimate the extent of this rearrangement, the localization of other symbiotic genes was analyzed. Southern hybridization with a nodO probe, amplified and labeled using primers pnodO1 (5Ј-CGT AAG CGA GGT AAG ATC CG-3Ј) and pnodO2 (5Ј-AGA ACG ACT GGA TTG ATG CC-3Ј), which were designed on the basis of the pRL1JI sequence (accession number X17285), indicated that in VF39SMЈ this gene was now also carried on the 240-kb plasmid instead of pRleVF39d (Fig. 1C) . When the fixLKNO gene region was used as a probe, a strong signal with plasmid pRleVF39c, which carries one copy of the fixNOQP operon upstream of the fixKL region (15, 24) , was observed for both strains; the second copy of fixNOQP, however, which normally is carried on pRleVF39d in VF39SM (24) was detected at the position of pRleVF39bЈ in the rearranged strain ( Fig. 1D ; the hybridization signals of this copy are weak because it does not contain the fixLK genes). Likewise, hybridization to the fixBCX-nifA genes had changed from pRleVF39d to pRleVF39bЈ (Fig. 1E) . These results sug-gest that in the rearranged strain VF39SMЈ almost the entire symbiotic region originally present on plasmid pRleVF39d is now carried on a plasmid banding at position pRleVF39bЈ.
Plant tests with Vicia hirsuta confirmed that the two strains had similar symbiotic properties with respect to nodule formation, acetylene reduction activity, and plant shoot dry weights (data not shown).
The rearrangement occurred by reciprocal but unequal exchange of DNA. To test whether there was also a shift in the hybridization pattern of sequences originally carried by plasmid pRleVF39b, DNA of the parental pRleVF39b plasmid was isolated from the Eckhardt gel, digested completely with XhoI and HindIII, and cloned into vector pXT (7) . Four clones (pXTZ11 to pXTZ14 [ Table 1 ]), which contained 600-bp to 2.8-kb inserts, were randomly chosen and used to probe the plasmids of VF39SM and VF39SMЈ. The 2.5-kb DNA fragment cloned in pXTZ11 hybridized to the 240-kb plasmid in both strains (Fig. 1F) ; pXTZ12, pXTZ13, and pXTZ14 hybridized to plasmid pRleVF39b in the parental strain but to the pRleVF39dЈ band in the rearranged derivative (exemplified for pXTZ12 in Fig. 1G ; in both strains, pXTZ12 also gave a weak hybridization to pRleVF39a). These data suggest that the two plasmids had exchanged genetic information.
Since the DNA arrangement did not visibly change the overall plasmid profile of the strain, it could have occurred in two possible ways. The first is that the two plasmids have exchanged a DNA region of exactly the same size, which would mean that plasmid pRleVF39dЈ is a rearranged version of the original pSym (now without the sym region and containing part of pRleVF39b instead) and that the plasmid pRleVF39bЈ represents plasmid pRleVF39b, which has acquired the sym gene region from plasmid pRleVF39d in exchange for its own DNA of the same size. The alternative possibility is that the DNA region obtained by plasmid pRleVF39b exceeds the region transferred to plasmid pRleVF39d by 90 kb, thus shifting the size of plasmid pRleVF39b from 240 to 330 kb (i.e., to the gel position of pRleVF39d) and decreasing the size of pRleVF39d accordingly. This would mean that in VF39SMЈ the plasmid band with a size of 240 kb (pRleVF39bЈ) is actually a rearranged version of pSym (pRleVF39d) still containing the sym region.
To determine which possibility had occurred, the replication regions of the two plasmids were analyzed. By using a pair of conserved PCR primers, RC1 and RC3, developed to amplify repC genes of R. leguminosarum (19, 26) , a product with the expected size of 750 bp was amplified from total DNA of VF39SM, and it was used as a probe to hybridize the plasmid gels. As shown in Fig. 1H , the repC probe was found to hybridize to pRleVF39d in VF39SM and to pRleVF39bЈ in VF39SMЈ. This means that the symbiotic genes are still contained on the original replicon, suggesting that the rearrangement had occurred by the second way described above.
Since several copies of a putative insertion sequence (ISRle39) were found to be present on plasmid pRleVF39b (20), we tested whether these elements were involved in the DNA rearrangement. ISRle39 was amplified from total VF39SM DNA and used as a hybridization probe. In VF39SM, a strong signal was found to plasmid pRleVF39b (and also to plasmid pRleVF39a), whereas in VF39SMЈ the signal had shifted to the position of pRleVF39dЈ (data not shown). Provided that the rearrangement had occurred by the second mechanism proposed (i.e., that the plasmid band designated pRleVF39dЈ corresponds to the rearranged pRleVF39b plasmid), this would mean that these IS elements have not been part of the DNA exchange.
It was also checked whether further rearrangements could occur. For this purpose, 50 single colonies of strain VF39SMЈ were studied by plasmid profile and nodABC Southern hybridization analyses. A deletion in plasmid pRleVF39bЈ of about 45 kb was detected in one colony (VF39SMЉ). No hybridization signal to nodABC was found in this deletion derivative and it failed to nodulate V. hirsuta, indicating that the deleted DNA region included the nodulation genes. All other colonies had normal plasmid profiles, and their nod genes were still located on pRleVF39bЈ.
Delineation of one rearrangement site. By using cosmid 220 (kindly provided by M. F. Hynes), which contains a 30-kb insert from pRleVF39b, and appropriate subclones thereof, a 2.2-kb BamHI/HindIII fragment was identified that hybridized only to pRleVF39b in the original strain but to both pRleVF39bЈ and pRleVF39dЈ in VF39SMЈ (data not shown), suggesting that this region was involved in the generation of the rearrangement. DNA sequence analysis (accession number AJ292764) revealed an open reading frame (ORF1) with 73% homology, at both the DNA and amino acid levels, to Y4JO, a hypothetical 36.1-kDa protein encoded by pNGR234a from Sinorhizobium sp. strain NGR234 (accession number AE000080, positions 3600 to 4646). Y4JO may be a fragment of a larger protein of as-yet-unknown function (5). It is notable that the C-terminal part of ORF1 (positions 324 to 359) shows 69% homology at protein level with the C-terminal end of a putative transposase of Vibrio cholerae (accession number AB012957), suggesting that the ORF1 gene product may have some function in the observed DNA rearrangement, which will be studied in the future. Considering that the other sequences upstream and downstream of ORF1 show no homology with the neighboring sequences of Y4JO, it seems that this DNA region has undergone recombination several times.
Although at present, the molecular mechanisms leading to the rearrangement described here are not understood, the data presented imply that it is caused by a reciprocal but unequal exchange of DNA, resulting in a decrease in the size of pSym and a simultaneous increase in the size of pRleVF39b. Symbiotic plasmid rearrangement have been previously described in field isolates of Sinorhizobium meliloti (18) and R. leguminosarum (23, 25) . Mazurier and Laguerre (13) recently reported an unusual location of symbiotic genes in some R. leguminosarum bv. viciae field isolates, which could be the result of genome rearrangements between the pSym and another replicon. Our own work on the pSym diversity among R. leguminosarum field isolates indicated that identical sym gene genotypes can be carried by plasmids of different sizes, ranging from 190 to 630 kb (unpublished data). These findings suggest that plasmid DNA rearrangements similar to that described here may also occur in the natural environment.
